Abstract. Aiming at the problem of guidance radar waveform optimization for extended target detection in electronic warfare environment, the waveform optimization schemes of three different game strategy models are proposed. In the first two models, the waveform under clutter conditions is optimized through water-filling method based on maximizing signal-to-interference-plus-noise ratio (SINR) criterion. For the last case, an equilibrium solution between smart guidance radar and smart target under clutter conditions is given by theoretical derivation. With the criterion of maximizing SINR, the optimization waveform is obtained based on the max-min theory using two-step water-filling method. The simulation results demonstrate the effectiveness of the waveform optimization strategy for improving the performance of guidance radar for target detection.
Introduction
Waveform optimization is a key factor in improving radar detection performance. With the rapid development of electronic warfare technology, the game between radar and target has become increasingly fierce. Not only can the radar adaptively optimize waveform, but the target can intercept the radar waveform and optimize the interference scheme. Therefore, how to choose the waveform optimization strategy to improve the radar detection performance has become an extremely important research topic under the conditions of electronic warfare.
Adaptive technology and the interaction of interference and anti-interference technologies in communication systems have always been a hot topic [1] . In [2] , the distributed MIMO radar emission matrix is optimized under clutter conditions using the principle of maximizing SNR. In [3] , the traditional radar interference optimization scheme is designed based on SNR and MI standards. In [4] , the game between MIMO radar and enemy interference is studied based on the MI criterion. However, that paper only studied the point target and noise influence, and did not consider the clutter influence and the target response spectrum variance. In this paper, based on the prior knowledge of target, clutter and noise, three game strategies based on SINR criteria between guidance radar and extended target are proposed.
The rest of this paper is organized as follows. In Section 2, the guidance radar signal model in the clutter environment is presented. The three optimization schemes of Stackelberg game in the clutter environment are proposed in Section 3. Section 4 compares the radar detection performance under different game strategies by simulation. Finally, conclusions are drawn in Section 5.
Signal Model
We assume that the target impulse response and the radar transmit signal are ( Sf . Figure 1 shows the SINR-based radar signal model in an electronic warfare environment. ht is as follows
If and only if
, Eq. 2 can take the equal sign, and the SINR value is the largest. On the other hand, it is assumed that the target can accurately estimate the radar signal spectrum and adjust the interference to the same frequency band as the radar signal to improve the effectiveness of the interference. Therefore, 0 22 22
where W is the radar operating band, K is the frequency sample number, and f  is the frequency sampling interval.
Optimization Schemes at Stackelberg Game
In an electronic warfare environment, the interaction of the guidance radar with the target becomes more and more complex. Different game strategy models mean different waveform optimization strategies. This section gives three kinds of game strategy models: intelligent radar and non-intelligent target, intelligent target and non-intelligent radar, intelligent radar and intelligent target, and gives the waveform optimization strategy of the intelligent side in each case.
Waveform Optimization When the Radar Is Unilateral Game
We assume that the radar is intelligent. According to the literature [5] , the intelligent radar can obtain prior knowledge of the environment and the target through some cognitive methods, and can adaptively change the transmitted waveform based on these prior knowledge. At this point, the target cannot intelligently optimize its interference waveform. Therefore, for reasons of conservatism and rationality, the target only releases Gaussian white noise interference in the radar band. For this case, the guidance radar can choose the following strategy to optimize the transmit waveform. 
In Eq. 4, S P and J P are the energy limits of the radar and the target. According to the known interference power strategy, the objective function is
Eq. 5 is a convex function for 2 () k Sf , the power constraint is linear, and the optimal solution can be obtained by the water-filling method. That is, combining the objective function and the constraint conditions, the optimal waveform solving problem is transformed into a convex programming problem, which is solved by the Lagrangian multiplier method. at this time 
and make it equal to zero to maximize SINR:
where ( ) max{0, } xx
. As can be seen from Eq. 7, the optimized waveform tends to distribute more power to the 
Waveform Optimization When the Target Is Unilateral Game
It is assumed that the guidance radar is of a conventional type and the target is equipped with a smart countermeasure system. In order to minimize the output SINR and reduce the performance of the guidance radar, the target needs to optimize the interference signal according to the detected guidance radar waveform parameters. Since the radar waveform spectrum is stable, the target interference waveform design strategy is:
Obviously, according to Eq. 5, the kernel in Eq. 8 is a convex function, and the power constraint of J P is linear. The interference optimization waveform can also be obtained by the water-filling method:
and make it equal to zero to minimize SINR:
Waveform Optimization during Game between Two Parties
In the modern war environment, the most likely scenario is the game between the radar and the target. The radar signal will be intercepted and interfered by the target, so the radar will choose a game strategy to optimize the worst case that may occur. This situation is similar to that mentioned in [5] , that is, the radar is in a leading position in the Stackelberg game model. For conservative reasons, the guidance radar will choose the following waveform design strategy:
Simulation Analysis
In this section, we performed simulation analysis on the three models described above. We assume that the guidance radar transmits a signal bandwidth of 100MHz . We define the radar working environment as Gaussian white noise and non-Gaussian clutter environment. The power spectral density of target impulse response, clutter and noise is shown in the following figure: Figure 2 . Target impulse response, clutter and noise power spectral density.
We assume that both the radar transmit power S P and the target interference power J P are 100W. The above three game strategy waveform optimization schemes are shown in Fig. 3 . Table 1 shows the target detection probability of the radar. Obviously, the radar detection performance of the radar and target games is better than that of the target single-party game. The guidance radar optimizes the worst case through a conservative waveform design strategy. It can be seen that the guidance radar game waveform optimization strategy can effectively improve the detection performance of the guidance radar.
Summary
In the modern electronic warfare environment, the game between radar and target is becoming more intense. In this paper, three different game models between radar and target are proposed, and the waveforms are optimized by water-filling method based on SINR criterion under clutter conditions. In particular, for the case of the game between the radar and the target, the equilibrium solution of the two sides is given, and the waveform optimization problem is solved by the two-step water-filling method. The simulation experiments prove the effectiveness of the waveform optimization strategy to improve the target detection performance of the guidance radar.
